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SUMVARY

Response of Pacific black brant (Branta bernicla nigricans) to aircraft
overflights was studied at Izembek Lagoon, Alaska. The goals in 1987 were to
continue assessment of aircraft disturbance, particularly helicopters, on
geese and to initiate a new study to neasure aircraft noise and relate this to
t he behavioral response of brant. We also continued studies of undisturbed
brant in Izembek Lagoon to investigate their abundance, distribution, and
novenments.

Potential disturbances, nostly aircraft, did not change from other years of
this study, occurring at a rate of 1.4/h of observation. The response of
brant was greatest to the Bell 205 helicopter, and unlike responses to other
aircraft types, intensity of the response by brant did not decrease as
altitude of the Bell 205 increased up to 762 m (2,500 ft). The initiation
(di stance of response) and magnitude of the behavioral response by brant
(zzgéresponded closely to the neasured intensity of noise generated by the Bell

Abundance and distribution. Fall staging by geese was initiated at a sinilar
date as in 1986 (Ward et al. 1987). Inmgration of brant occurred throughout
Septenmber with peak nunbers present fromlate Septenber to late Cctober. Peak
nunber of 150,500 brant at Izembek Lagoon was the highest since 1984. Bran't
were distributed throughout the entire lagoon, but were concentrated at the
southern end of the |lagoon during the period of peak numbers. Their
distribution was not related sinply to the amount of eelgrass (Zostera
marina), but seened to be related to a conbination of factors that coul d
include nutrient quality or availability of . eelgrass. Approxinmately 9,000
brant renmai ned at Izembek Lagoon in Novenber, 1987, which is a larger a
popul ation of over-wintering birds than has occurred since 1982.

Peak nunber of 44,300 Canada geese_(Branta canadensis tavermeri) in 1987 did
not differ fromthe peak in 1986. Canada geese were w dely distributed
throughout the lagoon. All Canada geese departed Izembek at the same tine as
brant .

| mmigration of enperor geese (Chen canagica) paralleled the arrival of brant.
Peak nunber of 7,300 enperor geese was the highest since 1984. Enperor geese
differed in distribution from brant and Canada geese by primarily using the
northern portion of the |agoon, especially the barrier islands.

Response t0 aircraft. As in other years of the study, aircraft (54% and
hunters (6% were the nost frequent human-rel ated causes of disturbance, and
bal d eagl es (Haliaeetus leucocephalus) (24% were the nost inportant natural
di st ur bance. Mean number of incidental disturbance events per hour of
?bs%ﬂz;.tion in 1987 (1.4/h) was simlar to other years: 1986 (1.3/h) and 1985
1. .

Prelimnary data analysis for 6 types of aircraft was initiated to define the
zone of influence for each stimilus as defined by altitude and |ateral
distance to the flock, and to determ ne the relative importance Of ot her
factors influencing the disturbance response. Response of brant to
single-engine and multi-engine airplanes was decreased by both greater
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altitude and greater lateral distance. Response to helicopters was decreased
with greater lateral distance, but response was either slightly influenced
(Bell 206-B) or actually increased (Bell 205) at greater altitude. Behavioral
response by brant to twin-engine or jet aircraft stinuli was poorly predicted
by the regression nodel.

Acoustics of aircraft. The Bell 205 helicopter produced considerably |ouder
noi se than any other aircraft based on a conparison of sound energy |evels of
3 categories of aircraft (single-engine airplane, small and | ar(I:]e
hel i copters). It generated approxinmately tw ce the noise of a smaller Bell
206-B helicopter and was 4 times |ouder than a small Piper 150 airplane. The
noi se generated by the Bell-206-B Jet Ranger helicopter did not differ froma
Cessna 206 singl e-engine airplane. The noise of the aircraft generally
attenuated with increased altitude and lateral distance to the m crophone.
However, the amount ofnoi se attenuation decreased and some cases increased at
conbi nations of increased altitude and greater lateral distance. Thi s
phenomena was present for all aircraft, but was nost apparent with the Bell
205 helicopter.

Behavi oral response of brant at various conbinations of aircraft type, lateral
di stance, and altitude was highly correlated (R= 0.80) with noise level.
Distance of initiation of response was farther and nagnitude of response was
greater for the Bell 205 helicopter than for any other aircraft. Estimated
threshol d for response in brant to aircraft noise appears to occur at or above
a sound exposure |evel (SEL) of 65 decibels in A-weighted scal e (dBA) or
maxi mum i nst ant aneous noi se (L,.) of 60 dBA. This is considerably I|ower than
for other birds.
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| NTRCDUCTI ON

Each spring and fall nearly the entire population of Pacific black brant
stages at Izembek Lagoon near the western end of the A aska Peninsul a

(Gabrielson and Lincoln 1959, Johnsgard 1975, Bellrose 1980, Izembek NWR

1986) . During these staging periods brant feed exclusively on eelgrass.
Izembek Lagoon contains one of the |argest beds (17,868 ha) of eelgrass in the
wor | d (McRoy 1966). I mportance of this lagoon to brant and other avian

popul ations has led to its designation as a wetland of international
I nportance under the RAMSAR (International Union for the Conservation of
Vet and Habitats) convention.

Following mgration fromw ntering areas along the Pacific coasts of North
Anerica, brant accunulate fat reserves during spring staging (April-My) at
Izembek Lagoon. These reserves are inportant for egg production and
incubation (Ankney 1984). Brant that were heavier than average on spring
staging grounds in western Europe had an increased probability of returning
the following fall with young (Ebbinge et al. 1982).

During fall staging (Septenber-Novenber), the entire population returns to
Izembek Lagoon and adjacent estuaries to gain the necessary fat reserves for
transoceanic mgration to wintering areas. Mle and female brant gained 13.2%
and 10.5% respectively, of their weight at Izembek Lagoon from Septenber to
Cctober (D. Derksen unpubl. data). Stored lipids are the primary fuel for
| ong distance flight in birds (Berger and Hart 1974, Blem 1980) and a maj or
determ nant of the potential distance an avian migrant can fly wthout
stopping (Nisbet et al. 1963, Child 1969, Blem 1980). Transoceanic mgration
of brant is believed to be a direct flight of 5,440 km (3,400 m) from Izembek
“Lagoon to Mexico (Kraner et al. 1979).

I nci dental observations in fall 1984, indicated that brant, Canada, and
enperor geese were apparently disturbed b?/ hel i copter overflights associ ated
with Quter Continental Shelf petroleumexploration (J. Sarvis and c. Dau pers.
comm, ). Increased aircraft traffic over the lagoon may be detrimental to the
ability of brant to store sufficient reserves for reproduction and mgration.
Location of petroleumindustry support facilities at Cold Bay would al so bring
i ncreased human popul ation and nore recreational activities such as hunting,
boating, or aviation on or near the lagoon. These factors may result in
additional stress for staging geese.

Di sturbance by aircraft reduces brant foraging efficiency by causing
interruptions in feeding bouts (Derksen et al. 1979, Sinpson et al. in prep.),
di splacenent from preferred habitats (Omens 1977, Kramer et al. 1979, Henry
1980), and possibly an increase in energy expenditure due to escape-related
activities, as occurred in snow geese (Chen caerulescens) (Davis and Wsely
1974).  The energetic cost of the response by brant at Izembek to increased
frequency of rotary- or fixed-wing aircraft is unknown.

Past studies have shown that brant are one of the waterfow nost sensitive to
human disturbance. Wthin the past 50 years brant have shifted their wnter
range from the coasts of Washington, Oregon and California to estuaries of
mai nland Mexico and Baja California. This shift was caused, at least in part,
by intensive human use of Pacific coast estuaries (Denson and Murrell 1962,



Ei narsen 1965, Smth and Jensen 1970, Chattin 1970, Henry 1980). On the North
Sl ope of Alaska, aircraft were the nost frequent cause of disturbance to
mol ting brant (Derksen et al. 1979, Sinpson et al. in prep.). Sinpson et al
(in prep.) found that aircraft overflights prevented flightless brant from
feeding 2.4% of the time. On the North Slope and Yukon Territory, Davis and
Wsely (1974) denonstrated that experinental overflights by fixed-w ng
aircraft caused staging snow geese to decrease feeding time by 8.5% which
could result in a 20.4% reduction in energy reserves

OBJECTI VES

Objectives of this research are to: 1) determne the effect of aircraft
overflights and other human activity on behavior, distribution, and habitat
use of brant at Izembek Lagoon, and 2) evaluate the potential inpact of
di sturbance on the energetic of mgration and reproduction of geese. An
addi tional objective was initiated in 1987 to: 3) record and exam ne noi se
associated with incidental and experimental aircraft overflights

This progress report summarizes a portion of the information collected in fall
of 1987. The report is organized into three sections that reflect the min
areas of data collection this year. These are: 1) quantification of the
timng of arrival and departure, abundance, and distribution of brant, 2)
eval uation of behavioral response of geese to aircraft overflights and other
di sturbances, and 3) exam nation of noise 1levels associated with aircraft
overflights.
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STUDY AREA

The study was conducted at Izembek Lagoon, Alaska (55°15'N, 163°00'W) on the
north side of the Alaska Peninsula (Figure 1). The lagoon is about 48 km (30
m) long and varies in width from 3-10 km (2-6 m). Approximtely 78% of the
lagoon is intertidal, of which 68%is vegetated by eelgrass (Barsdate et al.
1974). Tides are both semidiurnal and m xed semidiurnal with a nean range of
0.98 m (3.2 ft) MLW (mean | ower low water)(U.S. Dept. of Commerce 1987).
Tundra adjacent to the lagoon is generally flat to gently rolling, but in sone
areas, shoreline bluffs attain elevations exceeding 20 m (66 ft). Doninate

shoreline vegetation is beach rye grass (Elymus aremariys)*

The climte of Izembek Lagoon is naritine but becones nore continental in
wi nter when ice covers portions of the Bering Sea (McRoy 1966). Weather is
characterized by high wi nds (mean annual velocity of 27 kph), noderate and
stable tenperatures (nean annual fall tenperatures of 4-7 C), long periods of
cloud cover (83% average cloud cover for any 24 h period in fall) and frequent
precipitation (mean annual precipitation of 89 cnm wth nost occurring as rain
In the fall (u.s. Departnent of Conmmerce).
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Figure 1. Location of Izembek Lagoon including Mffet Lagoon, Kinzarof Lagoon, Big,
Mddle and Little Lagoons, Hook Lagoon, and St. Catherine Cove on the
Al askan Peni nsul a.
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ABUNDANCE AND DI STRI BUTI ON OF GEESE | N IZEMBEK LAGOON
| NTRODUCTI ON

An understanding of spatial and tenporal patterns of habitat use is essenti al
to evaluate potential effects of increased aircraft activity on brant and
other geese at Izembek Lagoon. Such data will provide a basis for assessing
di spl acenment of geese, if it occurs, from previously occupied areas of the
| agoon. Also, these data can be used to establish management recommendations
to mninmze the effects of aircraft overflights by establishing flight
corridors over habitat areas that are least inportant to geese, or by
determning time periods when overflights will have mninmum influence.

Counts of geese at Izembek Lagoon have been made by the staff of Izembek
National WIldlife Refuge (INWR) for over 28 years. Prior to 1975, these
counts relied on estimtes from ground observations and were prinarily
conducted during fall migration. Since that time, aerial surveys have been
flown at Izembek and adjacent estuaries to count geese during both spring and
fall mgration at the tine of peak numbers of bramt. Timng of these aeri al
surveys coincided with peak nunbers of brant and data represent only the total
nunbers of birds at that tine.

W intensified efforts in fall of 1987 to determ ne the phenology of migration
and pattern of habitat use at Izembek Lagoon. W initiated observations of
geese earlier in the fall and increased the nunber of aerial surveys.

METHODS

Environmental conditions. Wnd speed and direction, cloud cover, and
visibility were estimated and recorded at each study site every hour during
the observation period. Tide levels were neasured at each study site by
recording the length of a PVC pipe marked in 0.15 m (0.5 ft) increnments that
remai ned above water level. A ‘continuously recording tide gauge was also
established at Grant Point as a reference for gauges at the blinds (Figure
2). A pernmanent National Weather Service station (WS0) at Cold Bay provided
all other weather information.

Abundance. Distribution and Habitat Use. Gound observations of geese were
initiated on 20 August and continued through 17 Novenmber. Before and after
this period, staff of INWR watched for early arriving and |ate departing
geese.  Ceese were observed from 1 Septenber to 2 Novenber from 8 |ocations
along the shoreline of Izembek Lagoon (Figure 2). Seven sites, Applegate Cove
AC), Norma Bay (NB), Banding |sland (BI), Grant Point-west (aoy, Gant
oi nt-east (GE), Halfway Point (HP), and Round Island (RI) were in or near the
same locations as in 1985 and 1986. The blind at the east end of Round Island
was nmoved fromthe 1986 |ocation to a new position at Quter Marker (oM).

Observations were made from blinds 1-5 days per week for up to 12 h per day.
Time and date of occupancy varied for each blind Site depending on weather,
use of the area by geese, and timng of experinmental overflights.
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Figure 2. Location of blinds and 5 zones used to delineate the distribution of geese during

aerial surveys at Izembek Lagoon, Alaska, fall 1987. Blinds include: Nornma Bay (NB),
Appl egate Cove (AC), Banding-Island (BI), Grant Point-West (cw), Grant Point-East (GE),
Halfwav Pnint (HP) Ratnd Teland (RT)Y and Mnter Marker (OM)



The field of view from each blind defined each study area. A study area did
not extend beyond a distance of approximately 1.2 km (0.75 mi), al though
di stances varied and were influenced by the elevation of the blind about the
| agoon and observers' ability to see and accurately identify species, age and
numbers of geese. Each study area was delineated by bouys, natural |andmarks,
and channel s.

Total nunber and distribution of geese were determned during aerial survey
counts . Seven surveys were flown by personnel fromthe Ofice of Mgratory
Bird Managenent or |INWR between 3 Septenber and 27 Novenmber. Al aerial
surveys, except on 27 November, included the entire conplex of Izembek Lagoon,
St Catherine Cove, Hook Lagoon, Big, Mddle, and Little Lagoon, and Kinzar of
Lagoon (Figure 1). The survey on 27 Novenber included only Izembek and
Kinzarof  Lagoons. Because of the possible influence of tide on the
distribution of geese during counts, surveys were perfornmed during a simlar
tidal height (high tide). Two early surveys on 3 and 22 Septenber, however,
were made at low and noderate tidal heights, respectively but these counts
were not thought to have been biased and were included for conparison.
Surveys were flown in a Piper 150 or Cessna 206 at an altitude of 76 m (250
ft) and an airspeed of 90 kts (160 kph). The course flown varied anong
surveys and pilots. Two experienced observers, including the pilot, counted
geese and located themin areas of the Izembek conplex. Locations of geese
Wi thin Izembek Lagoon were further divided within zones (Figure 2) as was done
in 1986 (see Ward et al. 1987).

Distribution and size of 3 primary habitat comunities (eelgrass, nmud flat and
water) were determned froma 1978 LANDSAT image of Izembek Lagoon taken at

lowtide -0.2 m(-0.7 ft) (MLLW) (Table 1). Interpretation of the imge was
provided by USGS/ERCS Field  Station, Anchor age, Al aska. Habi t at
classification was subjectively verified by conparing the LANDSAT image with
observations and field notes recorded on habitat. Al though  conplete

verification of the habitat classes has not been undertaken, it appears the
image is representative of the |agoon. '

RESULTS AND DI SCUSSI ON

Environnental conditions. Weather patterns in fall 1987 were nore inclement
than the mld fall of 1986. Precipitation was above normal in Septenber and
Oct ober, and neasurable quantities were recorded alnost daily at Cold Bay WSO
(Table 2). Precipitation was in the formof rain (or rarely sleet) until 24
Cctober.  On 3 Novenber rain turned to snow, and virtually all precipitation
after that (except on 14 and 15 Novenber) was snow.

Mean wi nd speeds for September and Cctober were over 27 kph (15 kts), and peak
gusts averaged near 64 kph (35 kts). Wnds were predominately fromthe wnw.
Cloud cover ranged from 79-91% during the study period. Ceilings typically
were 305 to 610 m (1,000 to 2,000 £t) al though they changed during the course
of the day and varied locally.

Mont hl'y tenperature averages ranged from above nornal in |ate August and
Cctober to below normal in Novenber (Table 2). Small |akes and ponds began
freezing on 25 Cctober. Large |lakes froze and reopened several times during
the first half of Novenber. Mffett Lagoon was a nosaic of open water, slush,



Table 1. Area in hectares and proportion of Izembek |agoon total within each
of 5 zones of the 3 primary habitat conponents based on
interpretation of al978 LANDSAT inage.

Hectares (proportion) within zones

Habi t at 1 2 3 4 5 Tota

Eelgrass 3121 3248 2874 4446 2006 15, 597
(.199) (.207) (.183) (.283) (.128)

mud 735 658 3864 1674 5595 12,526
(.059) (.053) (.308) (.134) (.447)

W\t er 394 1149 1112 1623 1800 6,079
(.065) (.189) (.183) (.267) (.296)

Total s 4250.0 5055. 5 7851.0 7743.5 9401075 34, 302

(.124) (.147) (.229) (.226) (.274)




Table 2. Sunmary of weather conditions at Cold Bay, Al aska, 20 August - 30
Novenber, 1987. Source: Cold Bay WSO

August * Sept enber Cct ober Novenmber
Tenperature (°C)
Mean maxi mum 15.8 10.6 8.1 1.4
Mean mini num 8.3 5.9 1.9 -3.7
Mean mean 12.1b 8.3¢ 5.0b -1.1d
No. days with:
Fog 11 15 8 2
Measureable rain 2 25 29 6
Measur eabl e snow 0 0 1 17
Total precipitation (nm) 3d 106P 140b 79d
W nd
Mean vel ocity (kph) 15.4 28.7 27. 4 24.1
Mean peak gust (kph) 41.5 62. 6 60. 0 50.5
No. days nean velocity
Less than 16.1 kph 5 1 3 9
G eater than 32.2 kph 1 10 11 6
Geater than 48.4 kph 0 0 1
No. days wind from
Nor t heast 1 1 1 4
Sout heast 3 6 10 2
Sout hwest 0 7 10 5
Nor t hwest 8 16 10 19
Mean cloud cover (% 79 91 83 81
No. days rated:
C ear 1 0 0 2
Partly cloudy 3 4 8 8
C oudy 8 26 23 20

a Includes data fromonly 20-31 August.
" Above aver age.
“Near average.
“Bel ow aver age.



and skimice on 7 Novenber, while all other parts of Izembek Lagoon remai ned
free of ice.

Population assessment. Brent were first observed at Izembek Lagoon on 14
August . During the week follow ng 20 August, based on inconplete ground
observations, brant increased frominitial estimates of 150-350 to 5,000 by 27
August . Initiation of fall inmgration of brant to Izembek Lagoon in md to
| ate August was typical -of previous fall arrival dates (Hanson and Nelson
1957, Izembek NWR 1986, Ward et al. 1987). The first conplete aerial count of
brant W thin the Izembek conpl ex occurred on 3 Septenber when 18,701 birds
were counted (Figure 3). Inmgration was concentrated (62% of total) over a
19 day period (3-22 Septenber) with noticeable influxes of brant occurring on
4 and 8 Septenber. Brant continued to increase in Septenmber with an estinmated
peak of 150,515 recorded on 9 Cctober.

Nunber of brant in 1987 (150,515) was the highest since 1984 (116,171) and 31%
above the nmean of 4 peak counts between 1984 and 1987 (x = 115,204; range
93,244 - 150,515) (Conant et al 1984, C. Dau unpubl. data). The increase of
brant in 1987 was related in part to extrenely high nest success (90% of
brant on the Yukon-Kuskokwim Delta (Stehn 1987), where approxinately a third
of the Pacific black brant nest, and a high nunber of juveniles (31% in the
fall popul ation of brant at Izembek Lagoon (Sarvis 1987).

Departure of brant was first observed on 21 Cctober, but the mpjority of the
em gration occurred on 3 and 5 Novenber when 93,000 and 31,000 geese left,
respectively. Not all brant (9,355) had departed by the |ast aerial survey
(Figure 3) and these birds may represent an overw ntering popul ati on. Brant
have historically wintered at Izembek Lagoon in |ow nunbers (ea. 100) (C. Dau
pers. comm.). Recently (1981-86), however, an average of 3,800 brant have
overwintered, W th a peak count of 9,860 in 1982 (c. Dau umpubl. data). MId
winters in the 1980's may have contributed to the increased nunber of brant
remaining for wnter.

The nunbers of brant surveyed in January were 138,600 on wintering grounds in
Mexi co, California, Oegon, and Washington (J. Bartonek unpubl. data) and
8,385 within the Izembek conplex. The total of these two winter counts of
146, 985 brant conpares well with the peak count of brant (150,515) found
during fall staging within the Izembek conplex. This conparison gives
credance to the theory that the Izembek conplex supports nearly all the
Pacific Flyway brant during fall staging (Conant 1987).

Canada geese arrived on 23 August, a week later than brant. Numbers of Canada
geese increased in September and early October, but did not reach peak nunbers
(44,261) until 28 Cctober, nearly 3 weeks after peak nunbers of brant (Figure
3). A delayed peak nunber of Canada geese was al so observed in fall, 1986
(see Ward et al. 1987), but it is not clear whether these counts represent an
actual delay in arrival of Canada geese to Izembek Lagoon or inconplete
coverage of areas used by Canada geese during aerial surveys. Canada geese
use both tidal and adjacent tundra areas but only those birds found
intertidally were counted. Inconpl ete counts may have occurred during high
tides when Canada geese were nost |ikely to use tundra habitats, and also,
early in the season when crowberry _(Empetrum nigrum) and lingonberry
(Yaccinium yitis-idaea) are abundant (Jones in prep.).

10
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Figure 4. Nunber and proportion of brant, Canada and enperor
geese observed during aerial surveys between 3 Septenber

and 4 Novenber within Izembek Lagoon (Izembek) and adjacent
estuaries (other), Alaska, fall 1987.
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Table 3. Number of brant, Canada, and enperor geese observed during aeria

surveys within five zones of Izembek Lagoon, Al aska, fall, 1987
Date of Survey
Zone 3 Sept 22 Sept 25 Sept 9 Ot 28 Ot 4 Nov

Brant

1 1,980 32,153 35, 309 18, 226 46, 425 14, 230

2 3, 560 26, 270 31,198 51,642 35, 275 8, 765

3 6, 925 12, 057 38, 898 41, 315 23,923 8, 850

4 1,953 24, 064 11,090 11, 788 19, 980 19, 270

5 2,788 10, 975 22,522 18,170 11, 557 4,500
Total s 17, 206 105, 519 139, 017 141, 141 137, 160 55, 615
Canada

1 0 2,312 2,837 5,095 7,905 775

2 730 1,300 8, 645 10, 795 12, 890 1,250

3 0 526 1,277 2,425 675 5,500

4 610 3,325 1,029 6, 285 11,52'0 2,170

5 1,380 3,080 7,357 8,175 10,625 4,140
Total s 2,720 10, 543 21,145 32,775 43,615 13,835
Enper or

1 0 10 0 0 0 Nsa

2 0 0 0 0 5 NS

3 0 60 1,269 955 1,572 NS

4 20 465 630 150 62 NS

5 72 912 3,185 3,402 3,236 NS
Total s 92 1,447 5,084 4,507 4,875 NS
“No survey.
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The peak count of Canada geese in 1987 (44,261) was simlar to the highest
count in 1986 (45,022) (Ward et al. 1987) and only slightly lower than the
sean of peak counts between 1984 and 1987 (45, 418).

Departure of Canada geese coincided with emgration of brant. First departure
of flocks of Canada geese was observed on 21 Cctober and continued through
Novenber (Figure 3). The majority of the birds (approximtely 21,000) Ieft
Izembek between 28 Cctober and 4 Novenber.

Enperor geese were first observed on 29 August. Timing of arrival for enperor
geese coincided with brant with 68% of the population inmgrating to Izembek
Lagoon and adjacent estuaries between 3 and 22 Septenber. Peak nunbers
(7,260) of enperors occurred on ¢ Cctober (Figure 3). Smal | nunbers of
enperor geese, less than 75 birds, were observed on tundra habitats, but these
birds were not thought to have influenced counts during aerial surveys.

The peak count of enperor geese in 1987 was the highest recorded from 1984 to
1987 (x = 5,008; range 3,222-7,260). This increase my reflect the
above- average nest success (93% on the Yukon—Kuskokwim Delta (Stehn 1987)
with a corresponding high nunber of juveniles (33% in the fall popul ation at
Izembek Lagoon (Sarvis 1987). Large nunbers of enperor geese (6$628) were
still present on the last survey. It is usual for a small popul ation (ea.
6,000) of enperor geese to winter in the Izembek conpl ex.

Distribution. Izembek Lagoon was by far the npbst inportant single estuary
used by geese in the area. [t was used by 94% of the brant, 90% of the
Canada, and 80% of the enperor geese (Figure 4). The predom nant use of
Izembek Lagoon is well docunented (Conant et al. 1984, Izembek NVR 1986).

Seven aerial surveys (Table 3) and numerous ground counts in 1987 provided a
more conplete data set on goose distribution than available from previous
years.  Cbserved distribution in 1987 confirmed the patterns shown by less
frequent surveys flown in 1986 (Ward et al. 1987), as well as replicate counts
in 1984 (Conant et al. 1984). Brant were found in all zones in each survey
with the mpjority using zones 1, 2, and 3 (Figure 5) from about 20 Septenber
to 20 Cctober each year. During early and late periods of the fall staging
period, the pattern of use by brant was different. Zone 3, near G ant Point,
had the highest proportion of brant present early in September while zone 4,
near Quter Marker, received predom nant use late in Cctober (Figure 5).

VW conpared the distribution of geese determned from aerial surveys conducted
from22 Septenber to 28 Cctober to habitat types of each zone (Table 4).
Areas of eelgrass beds, nud flats, eelgrass plus nud, and total area within
each zone were determned from LANDSAT classification and was expressed as a
proportion of the total area of each category in the entire |agoon (Table 4).
If the proportions of geese and of a given habitat type within a zone matched,
we woul d conclude that coverage of that habitat type was correl ated with
abundance of geese. The 4 aerial surveys provided replicates. The ranked
difference in the proportion of geese and the proportion of each habitat type
was examned with a non-paranetric Mnn-Witney test. If no significant
departure was found from equal mean rank of the differences in proportions in
each zone, we would accept the null hypothesis that goose abundance
corresponded to coverage of that habitat type. The nul |l hypot hesi s was
rejected for all habitat conponents for all species. Predoninate use of zones
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Table 4. Distribution of brant (B), Canada (C), and enperor (E) geese during
aerial surveys and habitat available anong five zones of Izembek
Lagoon, Alaska, Fall 1987.

Percent of habitat available Percent of birds in zonesP
zone Eelgrass Mud Tot al B c E
1 19.9 5.9 12. 4 25.3 16.8 0.1
2 20.7 5.2 14.7 27.6 31.1 0.0
3 18.3 30.8 22.9 22.2 4.6 24. 2
4 28. 3 13. 4 22.6 12. 8 20.5 8.2
5 12.8 44.7 27. 4 12.1 27.1 67.5

a Based on percent of primary habitat classes from 1978 LANDSAT imagery,
excl udi ng water.

b Based on the nean of 4 aerial counts of brant between 22 Sept enber and
28 Cctober.
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1, 2, and 3 and relatively few nunbers of birds in zone 5 did not relate to
abundance of any habitat types neasured. Fromthis we conclude that the
nutrient quality, availability of eelgrass, or a conbination of other factors
(e.g. tides), is nore inportant to brant than the coverage of eelgrass.

Wthin each of these large zones, we found the distribution of brant was
directly influenced by tide. Figures 6 and 7 show a typical distribution of
brant during | ow and high tide, respectively. During low tide, flocks of bramt
were dispersed widely and associated with eelgrass beds. Flocks are generally
smal | er and concentr at ed. During high tide brant were associ ated nore
frequently with nud flat areas, primarily located along the barrier islands.
Those flocks found over eelgrass were generally larger and cl oser to shore
than at low tide.

As was observed in 1986 (Ward et al. 1987), Canada geese were found in all
zones , but their observed distribution within the | agoon based on aeri al
surveys is not conplete (Table 4), because counts were made at high tide when
Canada geese were nore likely to be found on tundra habitat. I'n general
Canada geese were found throughout all zones with zones 2 and 5 the nost
| mportant areas.

Enperor geese were the least Wi despread (Table 4). They were concentrated in

zones 3 and 5 and tended to use barrier islands and spits nore frequently than
ot her geese.
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RESPONSE OF BRANT TO Al RCRAFT
| NTRODUCTI ON

Disturbance associated with aircraft overflights my influence foraging
behavi or and energy bal ance of brant staging at Izembek Lagoon. I ncreased
fiight response from aircraft could prevent required intake of nutrients and
cause |ncreased netabolism of stored fat and other essential organic and
mneral conponents necessary for magration. In order to evaluate the
l'i kel i hood of these potential effects, it is necessary to describe the
parameters of the disturbance stinuli that determ ne nagnitude of response
shown by flocks of brant.

A first step for understanding these paraneters is establishing appropriate
measures of disturbance response shown by brant and quantifying factors that
influence this response. Behavioral observations from shoreline blinds have
been made in Septenber and Cctober, 1985-1987. Frequency and extent of brant
response to both incidental and experimental aircraft overflights have been
recorded along with a series of covariables that may influence the response.
Data analysis for 6 types of aircraft has been initiated and this report
sunmari zes the prelinmnary results. Qbjectives of the analysis were to: 1)
define the zone of influence for each stimulus in ternms of altitude of
aircraft and lateral distance to the flock, 2) conpare responses elicted by
various aircraft types, and 3) determne the relative inportance of other
factors (wind, direction of travel, flock size) influencing the disturbance
response.

METHODS

All potential disturbances including aircraft, avian predators (e.g. bald
eagle, falcon, _Falco spp.), mammalian predators (e.g. red fox, _Vul vulpes,
brown bear, Ursus arctos), humans on foot, boats, and gunshots were nonitored
within each study area. Aircraft overflights were categorized as incidental,
if not related to our study, or experimental, if they were planned as part of
the study and flown at controlled altitudes and known | ocations.

The behavioral response of geese to a disturbance was quantified using a
rating system from Davis and Wsely (1974). In ascendi ng order of energy
expendi ture these behavioral responses were:

1. no change,

2. :Flllerdt - heads raised and increased intensity of calling (not often
eard ),

3. mass - swaminto tight groups wthout flying,

4, fly - all flight. This category conbines rise, circle, and depart
responses (see Ward et al. 1986).

The percent of birds that exhibited each level of behavioral response was
recorded for each individual flock observed in the study area.
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For each potential disturbance event the follow ng information was recorded:
1) cause of disturbance, 2) distance of the flock to the stinulus when the
flock first reacted, or if there was no reaction, then the distance of closest
approach, 3) altitude of aircraft, 4) social facilitation, 5) tide, 6) wnd
direction in relation to the flock and stinulus, 7) species, 8) flock size, 9)
dom nant behavior of the flock prior to the disturbance, 10) distance from the
flock to the shore, 11) direction of the stinulus in relation to the flock
(toward or lateral), 12) percent of the flock exhibiting each behavioral
response category, 13) duration of flight if it occurred, and 14) total
duration of the response. Flight duration was defined as the time required
for 50% of the flock to land, and duration of the response was the tinme
required for 90% of the birds to return to pre-disturbance behavior. Cassette
tape recorders enabled us to describe the behavioral response and to determ ne
response duration for several flocks during a single disturbance event. VHF
radi os were used to nonitor comunications between incidental aircraft in the
vicinity and Cold Bay flight service. Know edge of approaching aircraft and
informati on on altitude, direction of travel, and weather conditions were
gathered from conversations between pilots and Cold Bay flight service
personnel .

Wth planned experinental flights, altitude and lateral distance of the
aircraft to geese was controlled or neasured quite accurately rather than
estimated as for incidental aircraft flights. Four categories and 5 types of
aircraft were used for experinmental overflights: single-engine airplanes
(Pi per 150 and Cessna 206), multi-engine airplanes (Hercules C 130), small
hel i copter (Bell 206-B Jet Ranger), and |arge helicopter (Bell 205).
Experinmental flights were conducted on 11 days from 23 Septenber to 18
Cctober.  Each flight had established flight paths, altitudes and velocities.
Al aircraft, except the Hercules C- 130, were flown along 16 standardized
lines, oriented to pass over study sites and nmaxim ze use of flight tinme
(Figure 8). The Hercules G130 did not follow the above |ines but used other
predetermned corridors (Figure 9) and in a few cases unschedul ed aircraft
radioed their flight line to an observation blind prior to a pass. Wth
multiple overflights, altitude wesusually decreased on successive passes (as
in 1985 and 1986). This allowed nore data to be collected before there was a
substantial response by the geese. This protocol may cause problems in data
interpretation if there is substantial habituation to aircraft stinmuli. For
this reason, the order of altitudes was randomy determ ned on some days in
1987. Table 5 sunmarizes the species and nunmber of flocks observed during
experimental overflights in 1987.

4

Various techniques were used during experinental overflights to better
estimte distances and timng of responses by geese. Mps of each study site
were drawn from black and white aerial photographs depicting experinental
flight 1lines and start points for each flight line. To provide consistency of
overflights, latitude and |ongitude of each waypoint were determned wth
LORAN/GNS instruments operated from an aircraft. Prior to an overflight, the
observer at each study site sketched flock |ocations on the map. During an
overflight, the observer in the aircraft announced the time at start, end, and
each 0.16 km (0.1 mi) increment along the flight line via ™ radio to the
observer in the blind. Sinultaneously, the observer on the ground described
and recorded the response of the flocks on tape. This method enabled |ater
reconstruction and mapping of aircraft position at the point along the flight
path that corresponded to the exact time of flock response. Actual distance
(aircraft to flock) as well as the lateral distance (perpendicular distance

21



[44

BELL 205
BELL 206-B JET RANGER Bristol Bay

CESSNA 206
PIPER 150

Figure 8.

. iy w IR
AT A P AL L X

#7Kinzarof
7/~ Lagoon

:

Nunb er, position and orientation of experinental fixed-wing and helicopter
overflights at Izembek Lagoom, Al aska between 23 Septenber to 18 October 1987.



€T

Bristol

COAST GUARD C-130

Figure 9.

18

Numb er, position and orientation of experinental

Izembek Lagoon,

Al aska on 1 and 15 October, 1987,

Hercules C-130 overflights at



Table 5. Summary of experimental aircraft overflights flown at Izembek
Lagoon, Al aska, from 23 Septenber to 18 Cctober, 1987. See
Figures 8 and 9 for locations of flight paths.

No. Oof No. flocks observed
A titude flight
Aircraft type (m l'i nes Brant Canada Enper or
Fi xed-wing aircraft
Pi per - 150/ Cessna 206 76 1 1 0 0
152 8 27 2 0
305 152 52 0 0
Subt ot al s 24 80 2 0
Hercul es G 130 305 3b 38 19 4
Total s 27 118 21 4
Rot ary-w ng
Bel | 206-B 91 7 23 11 4
152 10¢ 26 11 5
305 8 17 7 1
457 2 7 2 0
Subt ot al s 27 73 31 10
Bel | 205 . 91 194 92 30 0
152 30a,e,f 98 24 3
305 25f 98 30 4
457 12¢ 55 18 1
610 14 53 22 0
671 2a 5 4 0
762 2 3 1 0
914 4 9 3 0
1,219 1 6 1 0
Subtotal s 109 419 133 8
Total s 136 492 164 18
G and Total s 163 610 185 22

‘One on flightline 14.
b aA11 off regular flightlines.
c One off regular flightlines.
d Two on flightline 14.
“One on flightline 16.
One on flightline 15,
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fromthe flock to the aircraft flight line) were measured to the nearest 0.16
km (0.1 m).

RESULTS AND Di SCUSSI ON

requen I diséurbance. A total of 1,967 potential disturbance (incidental
and experimental) events were recorded in fall 1987 (Table 6). An event. is
defined as an observation of a behavioral response, including no change in
behavi or, of a goose flock to a potential disturbance stimuli. A conparison
of these events in 1987 with those of other years in the study, 1985 and 1986,
showed the frequency of incidental disturbance was sinmilar (Table 7).

The mean nunber of incidental disturbance events per hour of observation in
1987 (1.4/h) was simlar to 1986 (1.3/h) and slightly less than in 1985
(1.6/h) (Table 7). Difference in the rate of incidental disturbance events
between years is explained, for the nost part, by relative changes in the
frequency of aircraft traffic in and out of Cold Bay airport during the nonths
of the study period (Table 8). Aso, the length and tinme of day of
observation periods, weather, and |ocation of the study areas varied among
years and influenced observed frequency of aircraft events.

In all years of the study, aircraft and hunter-related (gunshots or
gunshot s/ person) events were the nost frequent human-induced disturbances and
eagles were the nost inportant natural disturbance (Table 7). These
di sturbances were not uniformy distributed but concentrated within certain
areas of Izembek Lagoon. Aircraft disturbances occurred primarily within the
-Instrument Flight Rules (IFR) and Visual Flight Rules (VFR) corridors (Figure
lo). Large aircraft (jets, multi-engine and heavy tw n-engine) primrily used
the IFR and VFR 1 and 2 corridors while the smaller comuter airplanes (small
twin- and single-engine airplanes) used VFR 3 corridor. Aircraft accounted
for 54% of all incidental disturbances for all years and occurred with a
frequency of 0.73 events per hour. Jets (13.7%, single-engine (12.8%), and
mul ti-engine (10.09% aircraft were the dom nant types of aircraft disturbance
for all years.

Approxi mately 40% of all aircraft traffic entering and |eaving Cold Bay is
conprised of commerical jets and the remaining portion is dom nated by heavy
and |ight tw n-engine and single-engine airplanes (J. Yakal pers. comm.).
Mean frequency of aircraft take-off and |andings at Cold Bay airport per month
in fall within the years of this study was 727 (sb = + 202), which was
slightly lower than the 12-year nean, 863 (SD = + 237) (Table 8). In all
years, the anount of aircraft traffic dropped in Novenber conpared to
Sept enber and Cct ober.

For all years, hunting-related activities accounted for the mgjority (55% of

other human disturbances, but accounted for only 6% of all incidental
di st urbances. A1l other people-related activities (walking, fishing,
clamdi gging) or boating were even |ess frequent. Nearly ail of these

activities were confined to the central portion of the lagoon, primarily near
GE/GW, HP, and RI/oM study areas. This area of the lagoon is the only portion
that is easily accessible by road from Cold Bay. Because fewer hunters used
Izembek Lagoon conpared to prior years (C. Dau pers. comm.), the rate of
hunti ng-rel ated di sturbances per hour in the 3 years of this study is
relatively low (Figure 11).
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Table 6. Frequency of potential disturbance events forall geese at Izembek Lagaon from1l September to 2 Novenber 1%37.

Tot al Mean Mean nunber Number and percent of potential disturbance events
hrs in Days h/fd  of dig- i Other Buman Bird Mammals
St udy blind in in tubamces ~ ——Q-sed=wlo aireraft " Heligoptar
area () blind blind per hour A AT a1 a4 A" A BS HK B ¢ p E F 0 M U TOTALS
G ant 106. 4 21 5.1 1.6(3)"n 18 9" 1= 18 “usr""7 T 8 P Y e N O T ] 3 3 167
Poi nt (12.5) Z6.9 11.1 16.7 11.5 25.5 8.9 7.0 3.6 48.1 35.7 14.9 2.0 2.5 2.8 37.5 5.5 8.5
(East)
Round 58.4 7 8.3 0.7 (0.7) a 7 1 4 10 9 0 0 0 0 2 2 1 2 0 0 39
I'sland (6.8) Z 2.7 1.2 16 72684 14 0 0 O O 43 07 2.5 5.6 0 0 2.0
Hal f vay 201.3 38 5.3 2.3 (1.3) n 42 8 0 64 30 1 43 125 &4 3 0O 7 9 1 5 8 0 28 470
Poi nt (23.6) %2 16.0 9.9 O 41.0 27.2 1.3 37.7 22.2 14.8 21.4 0 26.7 37.5 22.2 0 50.9 23.9
Applegate 152.9 22 6.9 2.7 (1.1) n 28190252219 33 184 2 4 2 5 5 3 7 2 6 il
Cove (17.9) 2 10.7 23.5 0 16.0 12.0 24.1 28.9 32.7 7.4 28.6 h.3 18.6 7.5 19.4 25.0 10.9 20.9
Bandi ng 75.1 15 5.0 2.4 (0.7) a 43 11 1] 9 1 2 0 9 9 2 0 O 9 3 2 0 1 182
I'sland (8.8) % 6.4 13.6 0 5.8 0.5 2.5 0 17.6 7.4 0 O 3.0 7.5 5.6 0 1.8 9.3
Nor ma 142.6 18 7.9 2.9 (0.7) n 94 33 1 12 1 0 2 7 0 9 4 0 2 1 105 9 1 3 13 414
Bay (16.7) % 35.9 40.7 6.7 7.7 54 34.20 16.7 0 14.3 2,1 35.5 22.5 30.6 37.5 23.6 21.1
Qut er 111.8 20 5.6 2.5 (1.8) n 30 Q 3 24 4 414303700325 4 0 8 5 0 4 274
Marker (13.1) %2 11.5 0 50.0 15.4 23.9 17.7 26.3 6.6 0 O 74.5 13.5 20.0 13.9 0 7.3 13.9
Grant 5.4 4 5.4 1.7 (1.1) o 0 0 o ? 0 0 0 3 6 0 0 0 0 0 0 9
Point (0.6) z 0 0 0, 0 o 0 0 0 . 5 2 2 . 2 0 0 0 0 O 0 0 0.5
(West)
TOTALS 853.9 48 2.3 (1.4 a 262 81 6 156 184 79 114 562 27 16 47 296 40 36 8 55 1967
Z 13.3 4.1 0.3 7.9 9.4 40 58 28.6 1.4 0.7 2.4 15.0 2.0 1.8 0.4 2.8

Fixed-wing aircraft: AR - Heavy twin-engine (e.g. ¥s-11); AJ - Jet (e.g. Boeing 727); &M - Heavy nulti-engine (e. g Lackheed C-L30, El ectra); 4s
- Single-engine propeller {(e.g. Arctic Tern); AT - Small twi n-engine propeller (e. g. Piper Navajo); A - Uni dentified aircraft.

Hel i copter: #s - Small (e.g. Bell 206); R -Large (e.g. Beli 205).
other: B - Boats; P - Person; G - Guashots.
Bi rd E - Eagle; F - Falcon; O - mor them barrier, rough-legged hawk, common raven, jaeger.

M - brown bear, red fox, walrus, river otter.
U - Un| dentified Cause.

() = nean nunber of potential disturbance r hour . x in mmerlment I, querflianhts
b( Includes | or more i tusbances cause:Paby Small jetaifr F g( Hockwell Sabreliner).

¢ Includes 2 conbined gunshot and person dia turbances.
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Tabl e -7. Frequency of potential incidental and erperimental disturbance events for all geese at Izembek Lagoon, Al aska, fall, 1985-1987.

Db Total Mean oumber HUMAN NATURAL DI STURBANCES
ngca ob s:f_rs déil)r/]S OL a:ii stux‘- Fixed-wing aircraft Rotary-wing OQther Bird Mammal
Year  vat ions  blind per hour ASs AT AG AH aM AJ A B H HL B 6 p g F 0 M U ToAas
Incidental
19s7 853.7 4a 1.4 (2.3 o 156 81 6 95 184 79 - - 21 47 14 296 40 36 8 55 1154
% 16.1 7.0 T 8.2 15.9 6.8 - - 23 41 1.2 25.6 3.5 3.1 T 4.8 100.0
1986 79S.6 32 1.3 (2.5)® o 115 88 21 67 52 M 24 7 31 26 31 il% 36 11 1 94 1030
%2 112 85 20 65 80 80 23 T 3.0 26 30303511 T 91 1000
1965 259.5 23 1.6 (2.4)2 n 34 46 8 ¢ 53 93 8 16 15 55 1312 S - 2 423
% 80 109 1.9 19.6 20.0 1.9 3.835 201 3.1 2.8 1.9 - T 100.0
Totals o 335 215 29 73 260 354 11l 23 73 155 58 62?7 S4 47 11 149 i887
% 128 82 1.1 2s 10.0 13.7 4.3 T 2.8 6.1 2.2 24.1 3.2 1.8 T 5.7 0
Experimental
1987 a 76 61 114 562 - - - - - - 813
%2 9.4 7.5 140 69.1 - - - - - - 100.0
1986 n 22s 209 58 37 404 61 - - - - - 997
% 229 21.0 5.8 3.7 40.5 6.1 - - - - - 100.0
1985 n 131 60 - - - - - - - 200
% 6 5. 5- - - - - - 3.5 - - - - - - - - 100.0
Totals n 435 2 0958 - 98- - 57 562 61 - - - - - - 2010
% 21.6 .4 2.9 - 49 - - 29.2 250 3.0 - - - - - - 100.0
Fi xed-wing aircraft: As- Single-eugine propel | er (e.g. Piper 150, € 206, cCherokee Chief); AT - Twin-engine propeller (e.g. de Havilland Twia

CQtter, Piper Navajo); AG- Gunman Goose; AS - Heavy twin-engine propeller (e.g. NAMC YS-11, Douglas DC3); AM - Heavy rmulti-engine
) propel ler - (e.g. Lockheed C-130 Hercules, Electra L188); A7 - Jet (e.g. Boeing 727-200, Gulfstream II); A - Unidentified aircraft.

Helicopter: ES - Small (e.g. Bell 206-B); BK- large (e.g. Bell 205); HL - Larger (e.g. Sikorsky gd-3F).

Qther: B - Boata; G - Qunshots; P - Person.

Bird: E - Eagle (e.g. bald eagle); F - Falcom (e.Q. gryfaleom, peregrine falcon); O - Oher birde (e.g. rough-legged hawk, nozthern harrier,
common T aven).

mamal M- Manmels (e.g. wolf. red fox, river otter, brown bear); T - indicates ¢1.0%.

U - Unidentified cause.

() = mean nunber, of potential dis turbances per hour including experinental overflights
b( Includes eight Conbined" geunsgnot angrpaélrsonpdis turbances ° 9 exp g

“Twi n-engine aircraft include heavy tw n-engine airplanes.
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Table 8. Frequency of aircraft use (landings and take-offs) of Cold Bay
airport, Cold Bay, Alaska, during fall 1985-87 and the 12 year
mean (1976-1987)(sD and range). Source of data taken from
Federal Aviation Administration records (J. Yakal pers. comm.)

Year
Mont h 1985 1986 1987 1976- 1987
Sept ember 834 693 843 970 (+19; 746-1294)
Cct ober 964 781 977 997 (+156; 762 -1309)
November 484 482 485 620 (+141; 457-849)
Al nonths 760 652 768 863 (+237; 457-1309)

(+248) (+154) (+254)
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Brant were disturbed by many natural causes, but by far the nost inportant was
bal d eagles (82% of all known natural disturbances). Eagle disturbances were
frequent and occurred at all study areas. The highest rate of disturbances
per hour was in areas containing the greatest nunber of geese (NB, AC and HP
study areas) (Table 9). Eagles were not present during the beginning of the

fall study period but arrived in early Cctober and were still present in
Novenber .
Comparisen of response to various tvpes of aircraft. Both experinental and

incidental data from all years, study areas, and observers were conbined for
this analysis. Miltiple regression was used to determne a single quadratic
equation for each aircraft type that best predicted the percent of flocks
showing flight response (rise, circle, or depart) based on altitude, |ateral
distance, and altitude and lateral distance squared. These equations were:

Si ngl e-engi ne:

2 flight = 65.5 - 63.14 A+ 1.93 AA- 18.65 L + 1.83 LL
Ml ti-engine:

%flight = 96.4 - 20.26 A + 15.83 AA - 57.22 L + 11.93 LL
Bel | 206-B :

%2 flight = 68.2 - 17.20 A + 2.52AA - 61.65 L + 13.04 LL
Bel | 205:

%2 flight = 90.7 + 16.89 A - 3.36 AA- 85.31 L+ 14.96 LL
A= altitude in increments of 1,000 ft
AA = (altitude in increnents of 1,000 ft)2
L = lateral distance in m
LL = (lateral distance in ni)’

The equations were solved for a series of response levels (brant flocks
exhibiting O 20, 40, 50, and 80% response to a disturbance) to assess the
interactive influence of l|ateral distance and altitude on flight response
(Figures 12 and 13). Response to single-engine and nulti-engine airplanes was
decreased by both greater altitude and greater lateral distance. Response to
helicopters was decreased with greater lateral distance, but percent response
was either slightly influenced (Bell 206-B) or increased (Bell 205) at greater
al titude.

This regression approach was also repeated to consider a second dependent
variable, the percent of brant showing alert, mass, o flight responses. The
regression nodel also was expanded to evaluate the relative inportance of 6
categorical factors: experimental versus incidental overflights, social
facilitation (present or absent), wind direction (upwind or downw nd),
direction of travel (towards or lateral), flock size («500 or » 500), and
di stance from shore (0.4 kmvs. >0.4 km).  These 6 dummy vari ables were
assi gned values of +1, O or -1.

Mil tiple R-squared values for regression on flight response ranged from 0. 36
to 0.59 for helicopters, and 0.11 to 0.51 for fixed-wing aircraft (Table 10).
Behavi oral response by brant to twin-engine or jet aircraft stinuli was poorly
predicted by the regression nodel (Table 10). The nodel was able to determne
the influence of certain factors on the behavioral response by brant to
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Table 9. Mean number of aircraft, hunter-related (gunshots, person and
gunshot/person), eagle, and total incidental disturbances per hour
of observations at each study area of Izembek Lagoon, Al aska, fall

1985- 1987.
Di sturbances per hour

Study area Aircraft Hunter-rel ated Eagl es Tot al
AC 0.5 0.03 05 1.1
BI 0.4 0.03 0.2 0.9
GE/GW 0.8 0.20 0.1 1.3
HP 0.9 0.20 0.3 1.7
NB 0.7 0.01 0.8 1.9
RI/OM 0.7 0.10 0.2 1.3
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Fl ocks of brant exhibiting a 40% flight response to
changes in altitude and lateral distance of 4 types
of aircraft at Izembek Lagoon, Al aska, fall 1985-1987.
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Tabhl e 10.

Probability level of significant coefficients in nultiple

regression nodel for percent response and percent flight response
of brant flocks to aircraft overflights at Izembek Lagoon,

Al aska, fall, 1985-1987.

Aircraft type

Single- Twin- Mul ti- Bell Bel |
Response categories engi ne engi ne engi ne Jet 206-B 205
n 413 147 160 120 257 420
Percent response
R-square = .53 .24 .46 .23 .45 .61
altitude . 000 .011 .000
(altitude)? .000 071 . 001
| ateral distance .000 .000 .000 .000 .000 .000
(lateral distance)? , 000 . 004 . 003 . 007 . 000 .000
experimental /inci dental . 007 017
soci al facilatation . 017 , 000 . 000
wind direction .071 . 009 . 005
direction of travel .000 . 038 . 000 . 001
flock size . 038
di stance from shore . 002
Percent flight response
R-square - .51 1 *41 .16 . 36 + 59
al titude .000 . 018 . 004
(altitude)? . 000 .036
| ateral distance .000 * 014 . 052 . 003 .000 . 000
(lateral distance)? .000 042 .033 000  .000
experimental /inci dental . 005 .003 . 020
social facilitation . 004 .019 . 000
wind direction . 002 012
direction of travel .001 .000 . 006
flock size . 044
di stance from shore . 026 . 028
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Table 11. Mean, 10% and 90% quantile ranges for behavioral responses of
brant flocks and conditions associated with aircraft overflights
at Izembek Lagoon.

Aircraft type n Mean 10% 90%

Singl e engine: Piper 150/
Cessna 180, 185, 206

% response 568 50 0 100
Z flight response 568 34 0 100
altitude (m 560 299 61 610
| ateral distance (km 419 1.3 0 3.5
actual di stance (km 452 1.4 0 3.5
Twi n-engine:  Piper Navaho
% response 275 33 0 100
% flight response 275 14 0 100
altitude (m 258 372 152 77
| ateral distance (km 154 2.6 0 6.4
actual distance (km 226 2.1 0.2 4.8
Four-engine:  Hercules C 130
% response 250 29 0 100
% flight response 250 18 0 100
altitude (m 214 860 152 2,134
| ateral distance (km * 175 3.5 0 9.6
actual distance (km 161 3.5 0.2 8.7
Jet: Boeing 727
% response 225 27 0 100
% flight response 225 16 0 100
altitude (m 161 1,472 366 2,743
lateral distance (km 144 4,2 0.3 8.0
actual distance (km 145 4.0 0.6 8.7
Smal | helicopter: Bell 206-B
% response 420 54 0 100
% flight response 420 36 0 100
altitude (m 420 344 “ 91 914
| ateral distance (km 258 1.3 0 3.2
actual distance (km 324 1.4 0 3.2
Large Helicopter: Bell 205
% response 421 74 0 100
% flight response 421 61 0 100
altitude (m 421 315 91 610
| ateral distance (km 421 1.0 0 2.4
actual distance (km 219 3.2 1.6 5.5
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different aircrafts. The number of brant in a flock or the flock's distance
from shore had little effect on behavioral response. Wnd direction (upw nd
vs. downwind) in relationship to the |ocation of the aircraft at the time it
first influenced a flock was nore inportant for helicopters than for
fixed-wing aircraft. A helicopter upwind froma flock had a greater influence
than a helicopter downwind at similar lateral distances to the flock. Wnd
direction had little effect on fixed-wing aircraft, only having an influence
wth multi-engine airplanes. The direction an aircraft was traveling, either
directly towards or lateral to a flock, was inportant for fixed-w ng
aircraft. Airplanes that flew directly towards (<4 km away) flocks had nore
i nfluence on the behavioral response by brant than airplanes lateral to flocks
(0.4 km away). Social facilitation, that is the effect of predisturbed
flocks joining an observed flock and potentially influencing their response

had m xed results for the different aircraft and needs further analysis.
Qther paraneters that have not yet been quantified are effects of tide height,
tide flow, study area, tine of day, year, date and observer

Behavi oral response by brant flocks caused by various types of aircraft are
| egitimately conpared only under the same range of conditions of altitude,
lateral distance, and other factors. Conparison of response among aircraft at
a given altitude, lateral distance, or response |evel should not be
extrapol ated beyond the range of the data on which the regression relationship
was based. Sample size, mean, and 10 and 90% quantile points that identify
the range of the central 80% of the distribution (Table 11) indicate the
difficulty, for instance, of directly conparing responses to jet aircraft and
single-engine aircraft. The |ow level of response to tw n-engine aircraft,
combined with |ack of lateral distance nmeasures for the cases in which
response occurred, caused this particular regression approach to not be very
rel evant. Qther nmeasures to conpare twin-engine and jet aircraft with the
other types will be investigated.
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ACOUSTI CS OF Al RCRAFT OVERFLI GHTS
| NTRCDUCTI ON

A primary concern of frequent aircraft overflights at Izembek Lagoon is the
potential disruption of foraging caused by increased alarm and escape response
of geese. Frequent disruption could result in decreased energy storage and
increased nortality during migration and non-breeding. During the previous 2
years of this study we tested several aircraft at various altitudes, and
| ateral distances to study flocks. However, the noise conponent of these
overflights was not neasured, nor has noise |evel been related to the
behavioral response of the geese. In fall of 1987 we initiated additional
research to oeasure aircraft noise at Izembek Lagoon to provide a nore
conmpl ete understandi ng of the behavior of brant and other geese to aircraft
overflights.

The objectives are to: 1) relate behavioral responses of geese to noise from
aircraft overflights, and 2) record and anal yze noise |evels associated wth
experimental and incidental overflights.

METHODS

Study area. All noise levels were neasured at Grant Point (Figure 14). This
site was selected because its location near the tip of a peninsula mnimzed
possible differences of recording noise over |land and at the water surface
where geese occurred. The Grant Point site was close to the GE study area,
| ocated under established flight lines for experinental aircraft overflights,
and convienent for set-up of the nmonitoring equipment. The mcrophone was
placed 2 m (6 ft) above ground level and 17 m (55 ft) above mean sea level.

Aircraft overflights. Forty-two noise recordings were made of 5 types of
aircraft on 6 days between 5 Cctober and 1 Novermber. Noise level was measured
on 3 types of fixed-wing aircraft (Piper 150, Cessna 180 and 206) and 2 types
of rotary-wing aircraft (Bell 206-B Jet Ranger and Bell 205). The Bell 205
was sel ected because of its simlarity to the larger helicopters (e.g. Bell
212, Bel | 412) "typically used by the petroleumindustry for Quter Continental
Shel f expl oration.

Techniques for the overflights used for noise neasurements were the sane as
the experinental overflights described in the aircraft disturbance section.
All passhys were level flight along 4 lines, 0.8 km (0.5 mi) apart (Figure
14). The air speed of the aircraft during passbys remained constant near 161
kmh (100 nph). The altitude and lateral distance to the m crophone of the
overflights varied for each aircraft, but nost overflights were nade at 3
altitudes, 152, 305, and 610 m (500, 1000 and 2000 ft), respectively, and 3
| ateral distances to the mcrophone, 0.0, 0.8, and 1.6 km (0.0, 0.5, and 1.0
mi), respectively.
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Noi se measurements. Noise |evels were received through a Bruel and Kjaer
out door m crophone (type 4921) and anal yzed and stored on a Larson-Davis 3100
real tinme spectrum anal yzer (RTA). The RTA was programed to neasure 1/3
octave bands, and overall A-, C-, and un-weighted levels every 1/2 second over
a frequency range of 10 Hz-10 KHz for 2:30 min. Technical specifications of
the mcrophone and RTA are presented in Appendices A and B, respectively. The
total integrated SEL and Lp,. were neasured and stored by the RTA during each
overflight. To insure that noise measurements of aircraft were not influenced
by anbient or background environnmental noise, background noise was measured
and entered into the RTA prior to an overflight. This procedure ensures that
the recorded noise level is that of the aircraft. Because the audibly
detectable duration of an overflight from start to end exceeded the 2:30 nmin
menory of the RTA, the start for recording of a passby was del ayed so that
only the loudest 2:30 min period was anal yzed. This included the tinme when
the aircraft was closest, and directly overhead or perpendicular to the
m crophone.

Selecting a particular standard frequency weighting scale with which to
neasure aircraft noise was difficult because of the lack of information on the
audi bl e frequency range of bramnt. In general the audible frequency range of
birds (40 Hz - 21kHz) is simlar to human's (20Hz - 16 kHz) although birds are
less sensitive to higher and |ower tones within their hearing range
(Schwartzkopff 1973). The audible frequency range of brant may be conparable
to the range of 3 Hz - 8 kHz neasured for mallards (Anas platyrhynchos) with a
maxi num sensitivity range of 2 - 3 kHz (see Schwartzkopff 1973).

We neasured noise intensity with both the A- and GCweighted scales.
A-weighted scale is the neasure comonly used for assessing environmental
noi se with respect to human disturbance. It is derived fromthe inverse of
the hearing acuity of the human ear to |ow sound levels. The A-weighted scale
assigns |ower weights to lower frequency tones, to which the human is less
sensitive, and higher weights to higher frequency tones which are nore
di sturbi ng. The C-weighted (flat) scale does not weight the signal, but
enabl es the sound energy to be neasured with no nodification. ,

Behavi oral response of brant. Categories of behavioral response of brant were
the same as those used in the disturbance section. The average noi se
measurements of the aircraft were conpared with average behavioral response of
brant to these same aircraft for the sanme conbinations of lateral distance and
al titude. The behavi or data were conbined fromall flocks over any date,
tinme, or location in the |agoon.

RESULTS AND DI SCUSSI ON

Noi se measuerements of aircraft. Al t hough sample sizes are small, three
aspects of aircraft noise are i mediately apparent. First, nmeasured noise
levels varied for each type of aircraft with the Bell 205 helicopter producing
the greatest amount of noise. The Bell 205 generated a SEL of 95 dBA during
overflights of 152 mand within < 0.3 km{< 0.2 m) lateral distance to the
m crophone (Table 12). The snaller Bell 206-B helicopter was considerably
qui eter (SeEL of 83.4 dBA) than the Bell 205 and was conparable to the larger
single-engine airplanes, Cessna 180 (SEL of 83.4 dBA) and 206 (SEL of 85.0
BA) . The Piper 150 was the quietest aircraft tested (SEL of 76.4 dBA).
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Table 12. The nean integrated sound exposure |evel (SEL) and maxi mum sound
| evel (Lpae) of five types of aircraft at 152 m (500 ft) altitude
and <0.3 km (<0.2 mi) | ateral distance atIzembeklagoon,Alaska,

fall 1987. -
SEL Lnax
Aircraft type n (dBA) (dBA)
Si ngl e-engi ne
Pi per 150 2 76.4 70.1
range (75.1-77.7) (68.4-71.7)
Cessna 180 2 83.4 78.2
range (83.3-83.6) (77.5-78.8)
Cessna 206 2 85.0 76. 6
range (84.7-85.1) (75.9-77.2)
Conbi ned 6 81.6 74.9
range (75.1-85.1) (68.4-77.2)
Hel i copt er
Bel | 206-B 1 8 3 . 4 74.9
Bell 205 3 95.0 84. 4 )
range (94.0-96.1) (83.6-85.7)
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Converting fromthe logarithmc dB scale, the large Bell 205 helicopter was
approximately twice as loud as the smaller Bell 206-B and 4 times as |loud as
the Piper 150.

One reason for the large difference in noise levels of the Bell 205 and
pi st on-powered, single-engine aircraft is the additional noise conponent of
hel i copters produced by the interaction between vortices and successive sweeps
of the rotor blades (Newran et al. 1984). A though this conponent was audible
in the Bell 206-B, it was especially apparent in the Bell 205.

The sound intensity was attenuated with either increased altitude or greater
| ateral distance of the aircraft to the mcrophone (Table 13). As altitude
was increased from 152 to 305 to 610 m respectively, the Lj. of the Cessna
206 decreased from76.6 to 64.0 dBA and for the Bell 205 fron1§ﬁ 4 to 77.9 dBA
(Table 13). Sinmilarly, when lateral distance was increased to 1.6 kmat 152 m
altitude, the L. of both aircraft decreased from 76.6 to <47.3 dBA for the
Cessna 206 and gﬁ 4 to 65.4 dBA for the Bell 205. This-relationship was
recorded to some degree for all aircraft, but because of sanple size was best
represented for the Cessna 206 and Bell 205

Propagation of noise is influenced by spherical spreading with distance,
atmospheric absorption as affected by wind, tenperature, air pressure, and
relative humdity, and intervening barriers such as foliage and ground cover
(Harrison et al. 1980). Spherical spreading is the |oss of acoustic energy as
sound waves spread over a larger and larger area. Typically, |oudness
(amplitude) of a sound decreases as the distance between the sound source and
the receiver increases. For subsonic noise, doubling the relative distance
causes a decrease or loss in acoustic intensity (loudness) of approximately 6
deci bel s.

The conbination of increased altitude at greater lateral distance to the
m crophone had a different effect; the anount of attenuation decreased. Noise
| evel s remained the same or slightly increased above those of the | ower
altitudes (Table 13). At 0.8 kmlateral distance, Lp,. for the Bell 205 at
152 and 610 n1decreased from73.5 to 72.0 dBA. At 1.6 km for the sanme
increase in altitude, increased from65.4 to 72.0 dBA. At greater
| ateral distances, the souﬁﬁ level from the Bell 205 helicopter increased with
increased altitude rather than the expected decrease. Reasons for this are
compl ex because noise levels are influenced by many factors including
characteristics of the aircraft. The phenonmena was evident with both the
Cessna 206 and Bell 205, but was observed over a wider range of altitudes and
lateral distances with the Bell 205. The wider range of influence of the Bell
205 was probably indicative of its’ greater noise levels, particularly in the
| ow frequency range (P. Schener pers. comm.), and the lack of noise intensity
of the Cessna 206 that is distinquished above background |evels. Low
frequency sound levels travel further than high frequency sound |evels.

Behavi oral response of brant. The average flight response of brant was highly
correlated (R = 0.80) with noise level for each of the various conbinations
of aircraft type, lateral distance, and altitude (Figure 15).

The initiation (distance of response) and nagnitude of the behavioral response
of brant corresponded with the intensity of noise generated by the Bell 205.
The response of brant increased as altitude of the Beil 205 helicopter was
increased. For exanple, at 0.8 km (0.5 m) lateral distance (Table 14) the
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Tabl e 13.

The nmean maxi mum sound (Lmaz) and integrated sound energy |evel

(SEL) and percent attenuation (Att) from maxi mumlevels of a
Cessna 206 airplane and Bell 205 helicopter at Izembek Lagoon,
Al aska, fall 1987.

Cessna 206 Bel I 205
Lat eral

Altitude Distance n Imax  Att SEL At o DLmax At SEL At
(m (km) (dBA) (% (dBA) (% (@A) (9% (dBA) (9
610 <0.3 2 64.0 84% 76. 3 % 1 77.9 92% 91.3 96%
305 0.0 2 72.1 94% 83. 0 98% 2 78.2 93% 92. 7 98%
152 0.0 2 761@% 85.0 100% 3 84.4 100% 95.0 100%
152 0.8 1 59.8 78% 69. 3 82% 4 73.5 87% 84.0 88%
305 0.8 1 61.9 81% 70.1 82% 2 70.7 84% 82. 8 87%
610 0.8 1 a a 172.0 85% 80. 5 85%
152 1.6 1 a a 1 65.4 77% 74.6 79%
305 16 1 2 a 1 68. 8. 81% 77.9 81%
610 1.6 1 a a -172.0 85% 84.8 89%

a Measurenents could not be distinguished from background noise (Lyyy Of
47.3dBA and SEL of 69.1 dBA).
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Tabl e 14.

Mean |ntegrated sound exposure level (SEL) maximum sound | evel
(Lyag? and response of brant flocks to a Bell 205 helicopter at
various altitudes and |ateral distances at Izembek Lagoon, Al aska,

fall 1987.
Lateral Di stance Di stance
dis- of first of flight Dur ation
Altitude tance SEL Imax response response Fl i ght of
(m* (km) °n (dBA) (dBA) n (km) n  (km n (%°n response
152 0.3 3 95.0 84.4 29 2.7 50 1.8 62 098 46 201
305 0.3 2 92.7 78.2 11 3.4 18 2.1 22 100 15 272
610 0.3 1 91.3 77.9 14 3.7 19 2.9 23 87 16 273
152 0.8 4 84.0 73.5 22 2.7 18 1.3 35 54 21 174
305 0.8 2 82.8 70.7 15 3.2 20 1.9 29 72 23 160
610 0.8 1 80.5 72.0 5 4.8 10 3.1 11 80 11 198
152 1.6 1 74.6 65.4 19 2.9 5 1.3 34 6 31 92
305 1.6 1 779 68.8” 9 3.2 5 0.5 15 60 11 282
610 16 1 848 72.0 7 2.9 7 2.4 13 77 8 191

“Altitudes of:

b Lateral

152 mincludes > 76 and <229 m

305 mincludes >229 and <381 m
610 mincludes >381 and <685 m

distances of:  0.3km includes <0.3 km
0.8 km includes >0.3< 1.0 km
1.6 kmincludes >1.3<1.6 km

“Fl ocks exhibiting >50% flight response.
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Table 15. Conparison of mean integrated sound exposure |evel (SEL), maxi mum
sound |evel (Lypay) and response of brant flocks to single engine
airplanes Bell 206-B, and a Bell 205 helicopters at 152 m (500
ft) and 305 m (1000 ft) and <0.3 km(<0.2 mi) | ateral distance at
Izembek Lagoon, Al aska, fall 1987.

Di stance D stance

of of Duration
first f1ight 50% of
SEL  Lmax response response fl1ight response

Aircraft type n (dBA) (@BA) n (km) n (km n (b n (s)

152 m
Single-engine 6 81.6¢ 74.9¢ 3 1.4 14 1.0 63 76 33 143
Bel | 206-B 183.4 81.5 14 1.8 10 0.6 68 78 25 133
Bel | 205 3 950 84.429 27 50 1.8 62 98 46 201
305 m
Single-engine 4 77.7¢ 69.6¢ 9 1.0 13 1.0 61 36 26 94

Bel | 206-B 1814 69.3 3 1.6 1 1.0 105 47 32 107

Bel | 205 2 92.7 78.2 11 3.4 18 2.1 22 100 15 272

“I'ncludes Arctic Tern, Piper 150, and Cessna's 180, 185 and 206.
"Fl ocks exhibiting <50% flight response.
“I'ncludes Piper 150, Cessna 180, and Cessna 206.
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Figure 15. Flocks of brant exhibiting > 50% fiight response to
noi se generated by single-engine airplanes and Bell 206-B
and Bell 205 helicopters at Izembek Lagoon, Al aska, fall 1987.
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percent of brant flocks exhibiting at least 50% flight increased from 54%to
80% as altitude was increased from152 to 610 m At 1.6 kmlateral distance,
the flight response of brant increased from6%to 77% as altitude increased
from 152 to 610 m This suggests that the Bell 205 causes greater disturbance
(i.e. wider area of influence) at increased altitudes. This pattern is
different fromthat shown by brant in response to single-engine airplanes and
the Bell 206-B helicopter (Table 15). The percent of flocks that showed at
| east 50% flight decreased with increased altitude.

Aircraft produce both visual and auditory stimuli. Qur data indicates that
brant response is correlated to the strength of an auditory stinulus.
However, it is not known whether the response of brant is solely auditory or a
conbi nation of both auditory and visual.

Al though not directly neasured, the threshold noise |level for flight of brant
appears to occur at or above a SEL of 65 dBA (Figure 15) or a L, of 60 dBA
(Table 14). Al though the frequency/response correlation or At eshol d of
response of geese or other birds during staging or non-breeding are |acking,
aircraft disturbance studies have shown much higher threshold noise levels for
nesting birds than for brant. Black et al. (1984) found that great egrets
(Casmerodius albus), snowy egrets (Egretta thula), and cattle egrets
(Bulbulcus ibis) initiated alert novenents when noise generated from F-16
overflights reached 60-65 dBA; birds began changing their position at 70-75
dBA . Bl ack-crowned night herons (Nycticorax nycticorax) and great egrets were
not disturbed by Cessna 172 overflights (altitude: 46-244 m which increased
from61 to a maxi mum of 88 dBA (Grubb 1978). Burger (1981) observed herring
gul | s (Larus argentatus) flying after a supersonic transport overflight (108.2
dBA) which was well above anbient noise levels (77.0 dBA). The number of
gulls in flight after a subsonic aircraft overflight (91.8 dBA) did not differ
from the number flying at normal colony noise |evels. However, the threshold

of response for nesting birds may be slightly higher than during other times “ *

in their annual cycle (i.e. non-breeding) (Dunnet 1977, Schrieber and
Schrieber 1980, Murphy et al. 1986).
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RESEARCH PLANS FOR 1988

The majority of work planned for 1988 will involve further data analysis. W
have already collected data sets that are the integral conponents necessary to
answer the primary objectives of this study but these data need further
tabul ation, analysis, wite-up and synthesis into an energetic cost model of
di sturbance response. A brief listing of these conponent studies include: 1)
annual cycle of body weight and conposition of black brant, 2) review of
literature on waterfow energetic and foraging ecology of brant, 3) tine and
energy budget of undisturbed brant, 4) estimation of percent time spent in
flight, 5) selection of food plants and foraging areas by brant, 6) factors
i nfluencing response to aircraft overflights, 7) brant response te natural and
human-rel ated di sturbance, 8) characterization of sound |evels and behavi oral
responses to aircraft overflights, and 9) determnation of threshold levels of
sound that cause response in brant.

Anot her area for future investigation is the inportance of habituation to
repeated exposure of the same or simlar stimuli. Time and funding do not
allow experinental evaluation of habituation at Izembek. However 6 we will
exam ne existing data sets that were designed to Oinimze habituation effects
to assess the extent of habituation to aircraft overflights.

Field work in the fall of 1988 will enphasize collection of noise data
generated by aircraft and behavioral responses of brant flocks to these
aircraft. In 1987 we neasured the total noise and maxinum levels of aircraft
overflights and correlated these data with the behavioral response of geese.
However, the observed response occurred before maxinum levels. In 1988 we
plan t0 increase our sample Size of noise recordings and to record the noise
level at the tinme of response and nore precisely define the threshold of
response for brant. The m crophone will be placed at the water surface and
t he observed response will be marked in the time series of 1/2 s acoustical
data. This will facilitate better correlation between the observed response
and the acoustical stinulus.
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APPENDI X A

SPECI FI CATION FOR MODEL 4921 M CROPHONE

SI GNAL | NPUT

M cr ophone:
Frequency Response

Amplifier:
Acoustical System

Dynam ¢ Range:

Anplification by the ZZ 0035:

Qut put | npedance

From Preanplifier:
From Anplifier:
From Transf or ner:

Vi ght i ng:

Calibration:

ENVI RONMVENTAL

Dehum di fier:

Quartz-coated 1/2" condenser m crophone

20 Hz to 20 kHz =+1 dB

I n accordance w/IEC 651 Type 1 (free field 0°
incidence), 20 Hz to 10 kHz: +1 dB, -2 dB,
20 Hz to 20kHz: +1 dB, -4 4B

Lower limt (5 dB above noi se)

40 dBA with external filter

40 dBA with built-in filter

Upper limt (3% distortion) 160 dB

60 aB in five 10 dB steps plus 10 dB

continuously adjustable

<50 ohns
<1 obm
50 or 200 ohns

A-wei ghting in accordance w/IEC 651

Built-in electrostatic actuator gives 90 dB at
1 kHz (initiated by push button on the ZZ 0035
or from sone remote station)

Contains 75 g of silica gel which should give
protection for approximtely 3 years.

54



APPENDI X A (Cont i nued)

Humidity Range:

Tenper at ure Range:

POVER

| nt ernal Power Supply ZG 0085:

External Batteries:

B & K M crophone Power Supply:

Mechani cal :

Hei ght :
W dt h:
Dept h:
Viéi ght :

Oto 100% relative humdity

225 to 70" C (-13 to 158° F)

8 x 1.5 V 1Ec LR20 (D cells) approximately
120 h continuous operation. Ordinary dry
batteries give about 30 h continuous

oper ation.

Delivers 12 V from main supplies 100 to 240V.
50 to 400 Hz

8 to 12 V. 100 mA consunption

Connects to preanplifier and by-passes 2Z 0035
1262 mm
200 mm

110 mm
7.6 kg

55



APPENDI X B

SPECI FI CATIONS FOR MODEL 3100 REAL TIME ANALYZER

SI GNAL | NPUT SECTION

M crophone Conditioned Input

| npedance:

Pol ari zati on:

Gai n:
Sensitivity:
Frequency Range:

Direct AC Input

| npedance:

Gai n:

Sensitivity:
Frequency Range:
Ful | Scal e Ranges:

Preselect Filters

Characteristics:

H gh Pass Frequenci es:

Low Pass Frequenci es:

DETECTOR SECTI ON

Detector Characteristics

Response:

Resol uti on:
Dynam ¢ Range:
Di spl ay Range:
Crest Factor:

Linearity Error:
Li near Average:
Exponential Average:

10 G ohm // 2.0 pf

200-28-0 volts

-30 to 90 dB, 10 dB steps
Keyboard input (nonvolatile)
1 H to 100 KHz

1M ohm // 47 pf

-30 to 90 dB, 10 dB steps
Keyboard input (nonvolatile)

1 Hz to 100 KHz

100 W to 10 Vac calibrated rns

Digitally selected 3-pole high-pass and 1low-
pass filters to enhance dynanmic response of
anal yzer

1, 5, 10, 20, 50, and 100 Hz

1, 3.15, 10, 20, 31.5, and 100 KHz

True rms detection of filter outputs

0.1 dB

70 dB

>60 dB

10 dB above full scale increasing to 70 4B at
bottom scal e

+0.2 dB over full scale

0.1 sec to 99 hrs in 0.1 sec increnents

1/8 sec to 128 sec in binary sequence
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APPENDI X B (Conti nued)

Det ect or _Tvpes

Li near Average: 0.1 sec to 99 h in 0.1 sec increnments

Exponential Average: 1/8 sec to 128 sec in binary sequence

Transi ent Aver age: 10 nmsec time constant w 100 spectra/see storage rate
FILTER SECTI ON

Bandpass Filters

1/3 Cctave BW Al filters exceed the requirements of ANSI
S1.11-1966 Cass |11, IEC 225-1966, DIN 45
652- 1964, BS2475-1964

1/1 Cctave BW Al filters exceed the requirenents of ANS|
S1.11-1966 Cass I, IEC 225-1966, DIN 45 652-1964,

BS2475-1964

Broadband Filters

Vi ghting Networks: A C and Lin filters nmeet ANSI S1.4-1983, IEC
651-1979 DI N 45633, BS4197-1967 for Type 1 Sound

Level Meter
DI SPLAY SECTI ON
I nternal Display
Type: Flat panel LCD screen
Si ze: 6.6 x 23.6 cm
Resol uti on: 128 x 480 with full graphics and al phanumerics
Contrast: Adj ustabl e dark to full sunlight
Range: 80 dB
OUTPUT/ CONTROL  SECTI ON
Digital
Printer Qut: A parallel printer output port is provided for

printing displayed or stored data (does not require
use of a renote conputer)

Optional Conput er
I nterfaces: IEEE-48B, RS-232 and HP-IL
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Analogue

AC Qut:

POVWER SECTI ON

Li ne Power

Model 3100

Internal Battery:

External DC |nput:

ENVI RONVENTAL

Operating Tenp. Range:
Storage Tenp. Range:
Hum dity:

(Non- condensi ng)

MECHANI CAL

Hei ght :
W dt h:
Dept h:
\Viéi ght :

APPENDI X B (Conti nued)

1 volt rms signal output for a full scale input
to the preanplifier. CQutput inpedance is 100
ohns .

Qperates continuously from 120 volts, 60 Hz, 230
volts, 50 Hz at 10 VA

Rechar geabl e power pack will operate the analyzer
continuously for nore than 8 h.

An external source of filtered DC power inthe
range of 12-30 Vdc will power the Mbdel 3100
continuously. Power requirenent is less than 8
VA,

O to 50 degrees C
-20 to +60 degrees C
+ 90% RH

15.2 cm
36.2 cm
36.2 cm
Approximately 11.3 kg w/batteries
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